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The effect of varying methanol content on specific adsorption of Cl- ions at H~/HCl solution
interface has been studied by impedance measurements. The decrease in differential capacity
at cathodic minimum and shift of the minimum towards less cathodic charges as the content of
methanol increases in solution has been attributed to the adsorption of methanol molecules,
having lower dielectric constant and hi~her compressibility than water molecules, at the mercury
surface. The increase in specific adsorption of Cl- ions with Increasing methanol content in
solution has been attributed to the decrease in solvation energy of anions.
EARLIER studies on ionic adsorption at Hgsurface were confined to investigations ofaqueous electrolyte solutions only and the
role of the solvent was not properly understood.
Similar investigations=" with electrolyte solutions in
non-aqueous media indicate that solvent plays an
important role in the: electrical double layer pheno-
menon. It affects the properties of the double
layer by virtue of its dielectric constant, adsorb-
ability at the electrode surface, interaction with
the ions, etc. It is of interest to investigate how
the specific adsorption of ions is affected by gradual
increase of non-aqueous solvent component in
solution. The results of study on the effect of
methanol content on specific adsorption of Cl"
ions at Hg/HCl solution interface are reported
in this paper.
Materials and Methods
Conductivity water (sp. condo 0·1-0·2 X 10-6 mho
crrr") was used. Analar (BDH) grade methanol
was first refluxed over magnesium (~10 g/litre)
for 24 hr and distilled. The distillate was refluxed
over AgN03 for 24 hr and filtered, distilled twice
and stored in ground stoppered pyrex glass bottles.
Doubly distilled purified'? mercury was used in
the dropping mercury electrode (d.m.e.).
A cylindrical glass vessel with a ground glass
cap fitted with five standard joints which facilitated
to insert d.m.e., lead to mercury pool, salt bridge
to the reference electrode, nitrogen gas delivery
tube and a glass spoon used to determine mercury
flow rate, was used as electrolytic cell. The cell
cap was provided with a pin hole to act as outlet
for nitrogen.
A symmetrical Wien's bridge designed for the
measurement of resistance and capacitance in series,
similar to that of GrahameI1•I2, was used. Two
non-inductive non-capacitative standard resistances
of 1000 ohms each were used in ratio arms. The
measuring standards were Muirhead decade con-
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densor of 1·110 !1. farad variable in steps of 0·001 !1.
farad and a non-inductivenon-capacitative a.c.jd.c.
Leeds and Northrup decade resistor of 11110 ohms
variable in steps of 0·1 ohm. The output signal
of the bridge was amplified by a multistage tran-
sistor preamplifier (Marcony type TM 6591A)
and fed to a Dumont oscilloscope (type 274). Mar-
cony R.C. oscillator (type TF 1370) was used as
the input generator of the bridge. The differential
capacity was independent of frequency. The mea-
surements were done at 1000 Hz.
The test solutions were pre-electrolysed and
deaerated with purified high purity nitrogen. The
differential capacity (C) measurements were done
at eight electrolyte concentrations (viz. 0·05, 0·10,
0'20, 0,30, 0·40, 0'50, 0·60 and 0·70 m) in each of
the six solvents (methanol-water mixture con-
taining 0, 10, 20, 30, 40 and 50% w/w methanol).
The cell, d.m.e. and the reference electrode were
accommodated in an air thermostated glass chamber
and capacity measurements were made at 25 ± 0·1°C.
The maximum possible error in the measured differ-
ential capacity values is 0,5%. The potential
of the d.m.e. was measured against IN KCl calomel
electrode. The surface area of the drop was deter-
mined from the rate of flow of mercury and the
age of the drop. The potential of Zero charge
(Epzc) was determined by differentiation of electro-
capillary curves obtained using drop-time technique.
Surface charge density of the mercury drop (qM)
was obtained by integration of differential capacity
(C) versus potential curves. The integration cons-
tant was evaluated from the knowledge of Epzc•
The activity coefficients of HCI in aqueous and
methanol-water mixtures were taken from litera-
tureI3 and using the relations developed by Grahame-s
and Grahame and Soderberg-t, the charge due to
specific adsorption of Cl" ions at the mercury surface
was calculated. While processing the differential
capacity data for calculation of ql, the rate of change
of capacity with chemical potential was calculated
at constant potential of a hypothetical reference
electrode reversible to the anion and kept at the
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concentration of Cl ion in test solution as suggested
by Grahame'". The maximum error in calculated
ql values is within 2%.
Results and Discussion
To demonstrate the effect of varying methanol
content on the differential capacity of the Hgj
nc; interface, C versus s" curves for 0·10 m ncr
solutions containing 0, 10, 20, 30, 40 and 50,%
methanol are shown in Fig. 1. The magnitude
of capacity at cathodic capacity minimum decreases
and the cathodic minimum shifts towards less
cathodic charges as the content of methanol increases
in solution (d. Fig. 1). The decrease in capacity
at cathodic minimum is possibly caused by de-
crease of the dielectric constant in the inner layer
due to increasing replacement of water molecules
by methanol molecules. With increasing cathodic
charge beyond cathodic minimum, the increase
of capacity is attributed17,!:B. .. to the electrostriction
of solvent molecules due to high electric field in
the inner layer. The increasing compressibility
of the inner layer due to introduction of metha-
nol moleculesl'' may be responsible for the observ-
ed increase in slope of capacity curves at increas-
ing cathodic charges beyond cathodic minimum
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Fig. 1 - Effect of methanol content on differential capacity
of Hg/O·10 m HCl solution interface [Methanol content in
solution is indicated on the curves]
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(d. Fig. 1) and for the shift of cathodic minimum
towards less cathodic charges with increasing
methanol content in solution. Similar arguments
hold good for increase in slope of capacity curves
with increasing methanol content in solution at
extreme anodic charges also (d. Fig. 1). In addi-
tion, increased specific adsorption of Cl ions is
also responsible for increase in slope at anodic
charges.
A prominent hump is observed in the capacity
curves of aqueous HCl solutions at positive qM. values.
The hump becomes less prominent in capacity
curves for HCl solutions containing 10% methanol.
With a further increase in methanol content, the
hump takes the form of a kink and the sharpness
of the kink decreases with increasing methanol
content in solution. The behaviour is in accor-
dance with the absence of hump for chloride ion in
pure methano}7,2o. The occurrence of hump in
aqueous electrolyte solutions has been attributed
by Shvarts et al.21 to the arrest of specific ad-
sorption of anions due to decrease in the number
of water molecules adsorbed with their negative
end toward mercury surface at Epzc caused by
high polarizing power (capable of forming a hydration
shell) of anions. The decrease in hump with in-
creasing methanol content in solution in present
studies (d. Fig. 1) may be due to low solvation
number of anions in methanol (which is increasingly
replacing water in the inner . layer) leading to a
lesser degree of arrest of specific adsorption.
The charge due to specifically adsorbed Cl- ions
(ql) versus potential curves for 0·10 and 0·50 m
ncr solution containing 0, 10, 20, 30, 40 and 50%
methanol are shown in Figs 2 and 3 respectively.
At all Hel concentrations and in all the solvent
mixtures studied, ql is zero at high cathodic
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Fig. 2 - Effect of methanol content On specific adsorption
of Cl" ions at Hg/O'10 m HCl solution interface [Methanol
content in solution for various curves: (1) 0; (2) 10; (3) 20;
(4) 30; (5) 40; and (6) 50%]
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Fig. 3 - Effect of methanol content on specific adsorption
of Cl" ions at HgjO'50 m HCI solution interface [Methanol
content in solution for various curves: (1) 0; (2) 10; (3) 20;
(4) 30; (5) 40; and (6) 50%]
potentials (indicating complete desorption of Cl: ions
from the inner layer) and as the mercury surface
is made increasingly anodic, the magnitude of
negative values of ql increases. Also, as may be
expected, with increasing HCI concentration In
solution, the magnitude of ql at any fixed potential
in any of the six solvents studied, increases.
Minc and j astrzebska" observed that ionic ad-
sorption from solutions of alkali halides in methanol
is stronger than from their aqueous solutions and
attributed it to the smaller solvation number of
ions in methanol than in water. In the present
case also, for any concentration of HCI at any fixed
pctential, the specific adsorption of Cl" ions increases
with increasing methanol content in solution (d.
Figs 2 and 3) and may be attributed to the decrease
in the solvation energy of chloride ions as under these
conditions adsorption of Cl" ions becomes easier.
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